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- Title: Spectroscopy of exotic nuclei in a Magnetic Active Target
- Acronym: SpecMAT
- Proposal duration: 60 months

Proposal summary

SpecMAT aims at providing crucial experimental information to answer key questions about the structure
of atomic nuclei:

• What are the forces driving the shell structure in nuclei and how do they change in nuclei far from
stability?

• What remains of the Z = 28 and N = 50 “magic numbers” in 78Ni?
• Do we understand shape coexistence in nuclei, and what are the mechanisms controlling its appearance?

The position of natural and “intruder” shells will be mapped in two critical regions, the neutron-rich nuclei
around Z = 28 and the neutron-deficient nuclei around Z = 82. The centroids of the shell strength are derived
from the complete spectroscopy of those systems in nucleon-transfer measurements. This method will be
applied for the first time in the region of neutron-deficient Pb nuclei.

In SpecMAT (Spectroscopy of exotic nuclei in a Magnetic Active Target) a novel instrument will overcome
the present challenges in performing such measurements with very weak beams of unstable nuclei. It com-
bines high luminosity, high efficiency and a very large dynamic range and allows detection of both charged-
particle and g-ray radiation. The instrument owns its remarkable performances to a number of advanced tech-
nologies concerning the use of electronics, gaseous detectors and g-ray detectors in a magnetic field.

The SpecMAT detector will be coupled to the HIE-ISOLDE facility for the production and post-acceleration
of radioactive ion beams in construction at CERN in Geneva. HIE-ISOLDE will provide world-unique beams
thanks to the use of the proton injector of the CERN complex.

If successful, SpecMAT at HIE-ISOLDE will produce specific results in nuclear structure which cannot be
reached by other programmes elsewhere. Such results will have a significant impact on the present theories and
models of the atomic nucleus.

1Instructions for completing Part B1 can be found in the Guide for Applicants for the Consolidator Grant 2013 Call.
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Changes
in	nuclear	structure
far	from	stability

● Shell	evolution
towards	78Ni

● Shape	coexistence
“west”	of	208Pb



Riccardo	Raabe – KU	Leuven ReA	Solenoidal	Spectrometer	Projects	– Argonne,	24/03/2017

Motivation Method Scintillators Conclusions

Shell	evolution	towards	78Ni

S.	Franchoo et	al.,	PRL	81	(1998)	3100 K.	Flanagan	et	al.,
PRL	103	(2009)	142501
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● Migration	of	πf7/2,	πf5/2
as	νg9/2 is	filled
(tensor	interaction)
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Single-particle	and	deformation

68Ni

“Type	II”	shell	evolution
● Deformation	can	induce	changes	in	

occupancy…
● which,	through	the	tensor	interaction,	

modifies	the	gaps	between	shells
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Shape	coexistence	“west”	of	208Pb

● States	characterised	by	different	shapes	
appear	at	low	excitation	energy

● Example:	n-deficient	Pb region
186Pb	triple-shape	coexistence
Hg	nuclei:	“parabolic	intrusion”	at	mid-shell

A.	Andreyev	et	al.,	Nature	405	(2000)	430

Data:	NNDC
Original	figure	in	R.	Julin et	al.,	J.	Phys.	G	27	(2001)	R109

186Pb

Bormio 22-28/02/2016Riccardo	Raabe (KU	Leuven)

Shape	Coexistence 68Ni β-decay Transfer Outlook/Summary
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(d,p)	and	(p,d)	transfers	
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182Hg),	188Pb,	196Po
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Problem:	density	of	states	

Importance	of	!-ray	detection
● Transition	probabilities

● Energy	resolution	from	coincidences

● Build	the	decay	scheme

J.	Diriken et	al.,	PLB	736,	533	(2014)
J.	Diriken et	al.,	PRC	91,	054321	(2015)

Trifoil gated

Decays straight to the 
ground state

25Na(d,p)

66Ni(d,p)
G.	Wilson	et	al.,	PLB 759,	417	(2016)
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Method:	active	target	+	!-ray	array

Challenges
● Resolution

● Efficiency

→	Choices
● Active	target

● Magnetic	field	parallel
to	beam	direction
to	confine	emitted	particles
and	minimize	material

● +	!-ray	detection
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Challenges	for	!-ray	detection

● Good	resolution	and	efficiency

● Placement	in	a	magnetic	field

● Possible	use	of	digital	electronics

● Budget

→	Scintillation	crystals	(LaBr3 or	CeBr3)

→	Silicon	photomultipliers	(SiPMs)

→	Compact	design
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Characterising	the	scintillation	crystals

● Test	resolution	against
- SiPMs
- Digital	electronics
- Magnetic	field

● Optimise efficiency
- validate	results	of	simulations
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Efficiency
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1-Comparison of simulated and experimentally measured efficiency for 
one 1,5”x1,5”x1,5” CeBr3 crystal at 120 mm

Sim Exp

Simulations of scintillator array in GEANT4

Simulation by O. Poleshchuk

● 1.5”x1.5”x1.5”	CeBr3 at	120	mm

→	Simulation	under	control

Work	of	J.A.	Swartz,	O.	Poleshchuk
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Efficiency
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Comparison of EffAbs for 3 sizes of CeBr3 crystals
Hex, 54cryst, 1,5"x1,5"x1,5", Rin=119,512mm
Hex, 54cryst, 1,5"x1,5x2", Rin=119,512mm
Hex, 54cryst, 2"x2"x2", Rin=153,286mm

● Detector	size

→	the	bigger	the	better

Work	of	J.A.	Swartz,	O.	Poleshchuk
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Efficiency

● Add-back
only	neighbouring crystal

● Understand	from	count	rate
if	other	addback	possible E1 and E2 replaced by

EAddBack= E1+E2
�
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E2
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Comparison of EffAbs before and after AddBack for CeBr3 detector array
Hex, 54cryst, 1,5"x1,5"x1,5", Rin=119,512mm Hex, 54cryst, 2"x2"x2", Rin=153,286mm

Hex, 54cryst, 1,5"x1,5"x1,5", Rin=119,512mm, AddBack Hex, 54cryst, 2"x2"x2", Rin=153,286mm, AddBack

Work	of	J.A.	Swartz,	O.	Poleshchuk
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Resolution

Tests	in	3T-magnetic	field	at	the	UZ	Leuven
● 1,5”x1,5”x1,5”	LaBr3 and	CeBr3 crystals
● C-series	SiPM array
● Analog,	Standard	digital	(CAEN)

and	GET	system

Work	of	J.A.	Swartz,	O.	Poleshchuk

DAQ Analogue CAEN GET

Detector B-field No	field No field No field

CeBr3+SiPM No	field 5.3	% 5.7	% 6.0	%

CeBr3+SiPM 3T 5.3	% 5.6	% 6.0	%

LaBr3+SiPM No	field 3.5	% 3.7	% 4,2	%

LaBr3+SiPM 3T 3.5	% 3.9	% 4.2	%

→	No	measurable	effect	of	the	magnetic	field
→	Resolution	worse	(≈1%)	through	use	of	SiPMs

and	digital	electronics
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Status	– Conclusions

● Scintillation	detectors	purchased,	delivery	within	8	months

● Chamber	design	in	full	progress

● GET	electronics	(2000	channels)	acquired

● First	version	pad	plane	and	assembly	by	end	2017
tests	in	Legnaro or	Catania

● Measurements	in	2018	(?)
Thanks	to	the	SpecMAT	team!

A.	Arokja Raj,	M.	Babo,	S.	Ceruti,	T.	Marchi,	O.	Poleshchuk,	M.	
Renaud,	H.	De	Witte,	J.	Yang

The	research	leading	to	these	results	has	received	funding	from	the
European	Research	Council	under	the	European	Union's	Seventh
Framework	Programme (FP/2007-2013)	/	ERC	Grant	Agreement	n.	617156


